The summary which I shall present is based primarily on observations first reported in a series of papers by Aserinsky and Kleitman and by Dement and Kleitman. These early papers by the Chicago group include reports on the discovery of rapid, conjugate eye-movements during sleep. They include the basic experiments which led Dement and Kleitman to propose the use of the Stage 1 EEG and eye-movement criteria as an objective, operational definition of the dream state, and they include extensive data on the distribution of eye-movements over the course of a natural sleep period and on the relationship between eye-movements and EEG measures of sleep depth. Many of these observations have since been confirmed in our own and in other laboratories.
During a night of natural sleep there are cyclical fluctuations in sleep-depth as defined by EEG records and by many of the other criteria of sleep-depth that have been described. The EEG changes that occur as a person falls asleep are well known. In terms of the Dement and Kleitman classification, the EEG record moves through Stages 1, 2, 3 and often reaches the deepest EEG Stage 4. Often, after about an hour of fairly continuous deep EEG sleep, the record will return to a Stage 1 sleep and remain there for five or ten minutes. During the remainder of the night this cycle is repeated, periods of Stage 1 sleep alternating with periods of deeper EEG sleep at more or less regular intervals. For most people the time from peak to peak in the cycle is on the order of 70-100 minutes.°T his study was supported by a research grant (M.3885) from the National Institutes of Health, U.S.A. Public Health Service.
lState University of New York, Downstate Medical Centre.
The Stage 1 sleep periods vary in length from a few minutes to about an hour, with early periods of the night tending to be shorter than later periods. During the night, then, there is an increase in the proportion of time spent in Stage 1 sleep for successive cycles. The troughs in the cycle also tend to be deeper early in the night and lighter late in the night. In the early morning hours the EEG often does not drop below a Stage 2 of sleep at the deepest point in the cycle. These changes, an increase in the proportion of time spent in light Stage 1 sleep and a decrease in EEG sleep-depth at the low point in the cycle, contribute to a general picture of progressive lightening of the EEG record during the course of the night. This is, of course, an idealized account. Many variations in details can be observed, but in its main features the regularity of the cyclical pattern is often impressive as one watches it unfold during an experiment.
The periods of Stage 1 sleep which follow deeper EEG stages in the cycle have been called emergent periods to distinguish them from the Stage 1 records obtained as a person falls asleep. It is during these emergent Stage 1 periods that rapid, conjugate eye-movements can be observed.
The rapid eye-movements usually do not occur during non-emergent Stage 1 periods, as a person is falling asleep, and they apparently never occur in deeper sleep stages. In Stages 2, 3, and 4, eyemovements may be observed, but they are the slow, often binocularly asymmetrical movements that have been described by a number of workers.
There is now considerable evidence consistent with the assumption that dreams occur during the emergent Stage 1 sleep periods and with the assumption that the rapid eye-movements reflect scanning activity in the visual imagery of the dream. This evidence comes from three types of experiments.
First, when a person is awakened from a period of rapid eye-movements he will report a dream in great detail in the large majority of cases. In one representative study by Dement and Kleitman, dream reports were obtained following 80% of experimental awakenings from Stage 1 eye-movement periods.
Second, there is evidence that various measures of the length of the dream, as described by the dreamer, are related to the duration of the eye-movement period preceding the awakening. For example, the dreamer's subjective estimate of the time taken for the dream to occur is related to the duration of the eye-movement period preceding the awakening. Simple word counts of the dream narrative are also correlated with the dream length as defined by the Stage 1 eyemovement criteria. Within limits, the longer the eye-movement period preceding the awakening, the more words the drea~er tends to use in describing his expenence.
Finally, there is evidence of a relationship between movement direction in the visual imagery of the dream as reported by the dreamer and the direction of eyemovements recorded prior to the awakening. The rapid eye-movements which occur during emergent Stage 1 periods are grossly similar to the eye-movements a person might have, for example, when awake and watching a play. As might be expected, the movements are infinitely varied in distribution through a Stage 1 period, with vertical movements, horizontal movements and intervals of ocular quiescence usually interspersed and in any possible sequence. There are occasional periods with predominantly vertical or horizontal movements, however, and in such periods Dement and Kleirman have reported evidence of a relationship between dream content and eye-movement direction. If a person reports a dream in which he is watching a tennis match, for example, the period preceding the awakening is likely to have predominantly horizontal movements.
Dement and Wolpert have also been able to show that when a subject is awakened from periods with considerable eye-movement activity, he is likely to report dreams in which the dreamer is an active participant. By contrast, awakenings from periods with little eye-movement activity tend to yield dream reports in which the dreamer is a passive observer of, or participant in, the dream experience.
These are some of the findings suggesting the possibility that the rapid eyemovements may reflect scanning activity in the dream. jouvet has been able to demonstrate that rapid, conjugate eyemovements occur during Stage 1 sleep in decorticate cats and humans. Since there may be some doubt about the possibility that dreams could occur in decorticate individuals, jouvet's work should caution us against the interpretation that eyemovements during Stage 1 sleep are inevitably linked to dream imagery. However, the available evidence seems to indicate that some linkage does exist in the intact individual.
It may be of some interest to note that non-reporters, i.e., people who say they rarely or never dream, are at least qualitatively similar to dream reporters in the major features of the sleep cycle. Dr. Arthur Shapiro and I have studied 35 non-reporters in our laboratory so far in an effort to identify factors in this group that might account for their failure to report dreams under ordinary con.ditions. We have not found a smaller than usual number of eye-movement periods per hour asleep among non-reporters. As might be expected, subjects in the nonreporter group generally give us fewer dream reports when awakened from eyemovement periods, but we have been able to collect at least one dream report from each of these subjects under laboratory conditions. Some of these subjects claim that they have never dreamt before, and have not reported a dream since their laboratory experience.
In summary, it seems reasonable to suppose that dreams occur during emergent Stage 1 periods with associated rapid eyemovements. There is now a variety of evidence which is at least consistent with such a view. As Dement and Kleitman have pointed out, there are a number of conclusions suggested by the evidence, if we accept the assumption that dreams occur during eye-movement periods. I shall mention a few of the obvious ones here. In the typical person there are at least four or five dreams in a seven-hour sleep period. I use "at least" to qualify conclusions of this sort because of the possibility that dreams may also occur during Stages 2, 3, and 4, of sleep without rapid eye-movements. Only a small fraction of a person's dreams are recalled under ordinary conditions, but detailed content can be recovered from most of these dreams by awakening the dreamer during eye-movement periods. Some dreams at least last for a much longer period of time than most of us had thought. Finally, if we assume that dreams occur during eye-movement periods, our own work suggests that people who claim that they rarely or never dream, do in fact dream, as most of us would have guessed. They either fail to recall their dreams or, in some cases perhaps, they may mislabel their experience. 
